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(74)ft8A 





64) km©**] «ffi)RS©aje^»Rr«aje*tt 

(57) [gift] 

damwm<wF*§zJBfi& (rms) £tt*-rs. 

(2V~6) fgfc, 37^§?<7)l/(3 
/*8) tefc, «BBlRSfeO^:*SWl/ (6V5) ffift* 

it U5i < z t izj: ^mmum^-^-m^^ih 



S 1 



i3MM (ififtt) -r* 0 



I 



S 2 



OftM <c 0 ~c B ) y:* 

£ LT5t<7>&®l|X*WC0RMS£3fc#)3 o 





S3 


1 1 » Ml 2. Ml 3 
MX^. TX. a-7 s S 


c.) <fcy«i 0. » 
liWJroRM s 



S 4 



ft R M S=a®i|2l|G> RMS 

- <S ^HX^CD R M S - 7 X CO R M S 

- 3 "7 CO R M S -£*glfc£0) R M S 



i<^» i ^aw#aoaw«[*Efw-4i(i2oEti#» 
±iem i <oie«*g*»^is*aj L^±fe^s®jRnwfc: 

**l*ft.lffiL l/<2/"6)ffiL l/(3^"8)«a 

£ com 2 ^s^#gco?imfflSrieirr S S& 3 <OE«#R 

£ com 3 oatx^BtoaimB * mu-t h ai**a t . 

tte-tiieft.lffiK l/(27"6)«. 1/(3^8) 
f&Sy 1 / ( 6 /■ 5 ) m LX . JJ3#iRlfeW%~ *» 

[00 0 1] 

if&mmthtmimi *am** mmmim^t 
Enmco^^^nsrai^-r £ jBiarasfcn-r 

COO 02] 

fiJWR*. ^ftSWcoiRMT'fc&TX (4MMX&) , 
3lvvtt>cO"C*>£. £<OJS&&ffiJRgfi-?-co¥«3-J£g* 

n (jjtT. RMstissj-t-s.. ) tmx- 

£&ffi^«±7C<Oi£ffiiKM£Z e r n i k e CD&m&tZ 
[ 0 0 0 3 ] 05(i. ffi&jSMXHW" ^)RMSi*6 



(2) ttlSPFl 1-1 18613 

Sfc3fcco;frffi£^LTl>£. Xf'yTS 1 0 OTIi, * 
ffilR£W*:Ze r n i ke {-J xll--^) ^JgsSW (2 
KIPj (j£<H) -Tl.. ClcO^JastW' ti&lcOitT"*£*X 

[0004 ] 
[»1 J 

Zernike<D£lISC = W(p,0) 
= C 0 

+ C,/?cos# 
+ C 2 psin# 

+ C 3 (2p 2 -l) 

+ C 4 p 2 cos 26 

+ C,p 2 sin 20 

+ C fi (3p 2 -2)pcos0 

+ C 7 (3p 2 -2)psin0 

-f-C^p 4 -6p 2 +l) 

[000 5] Xf77S 1 0 0Ci<^f77Sl 1 0 

*W ^Zerni kef^C 0 -C 8 Sr***. * L 
Xf77S120m ^jB^tr-f VhtwWLTffi 
!£C 0 — C 8 ^Zerni ke^Jf^W tCftALT 
W Xf77°S 1 3 Otii, £jH5gtf-f V 

h^LTWiXftBBJRHW" £W =W-W *>&jtai 
-f£. J^l:xf77°S14 0tll ^ffll^-fyhtfO 

[0006] 
[»2] 

RMS = W 1 ' 2 > -{< W>) 2 ) 2 
[0007] 

SffiKiSZ e r n i k e^CSSL, Zerni 
kefSifcC 0 -C 8 Tn^ffiiRHiOi 

SSr^Tl^W. ^T"y7"S 1 1 0KXf7rS 
1 4 0 Tli^W&r - L < l±^WE*-f ^h^i 

[0008] *aMH(i. ^ct) J: 3 ^«e*atSO|SBBWi^ 
«^T=S:Silfet>cOT*)0. ZernikeffiiHfS 

[0009] 
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h m i «>>£«*» t . cnim^m* ^m^iHL 
at *s t . om^aoana * saw s at 2 

l. zamzzti^tiim, i/(2^"6)^f, 1/ 

(3/"8) maf\/ (6^5) fgLT . ±ie#IRHcO 
¥%Z«K«£SMrf S AS 2 <0?13t#g t . £ *>* 2 CO 

srettrt-s as 3 <oets#i£ t , _le» 

- JJB8S 3 <0E*#S*»6«»ffl LfcflKWK*, 

L3IWt\ «^BJ0^<5D^%r^i^5r^*-r§m3 
i: . Z<OWi3 OfllJt^KOjRM £ ffl * f & 

[0010] lt*fl20»!B0«5£frtt{i. £&®IKH 

* t ft(c. ±IE£i£iBJKMW{;:£-3< >y xy^^^JSxt; 

cTtfc&SSrSJiJU in^tfir^-Fitlft, 1/ 
(2v r 6)<g. 1/ (3/~8) fS&Vl/ (6J~5) fg 
LT, JJE4M^<a¥%=*8U6£;** U JhiE£*lH 

vjRuai^sjRuco^^ - ihkhs- n l § I v vt 

[00 11] i<9£?&#5£BflT1±, &3H&1 2tw* 
t^tCt-oT^iftffiiRIKORMSSritK-fS. -IfUo 
OsfcfcfcwC. Wk J4±»Lfcftl<0#r*S<i6Z 



w, 
w 2 
w 3 
w 4 

w 5 
w 6 

w 7 

w 8 
w 9 



=c 0 
= c, 

= c 2 
= c 3 
=c 4 
= c 5 
= c 6 
= c 7 
=c 8 



p c o s 6 

P S i n 6 

(2p* -1 ) 
P 2 c o s 6 
P 2 sin2^ 
( 3 p 2 -2 ) p c os6 
( 3p 2 -2 ) p s i n0 
(6p 4 -6p 2 4- 1 ) 

[0012] J^i^Wi -W 9 £ 

#jft®JRH^i?>RMS K S-*»ft*"C*6 
[00 13] 
[S3] 

kmSk = ^(< w K 2 > -(< w K >) 2 ) 2 



[00 14] ^^Sc3(Cio{t^<W K >(i, »4^S^ 
£«3*i*ftfirc*»3. <W K 2 >te H ft5<05ttcj:-* 

[00 15] 
[&4] 



\W K pdpdB 

Jo 1**?** 



[00 16] 
[R5 J 



Jo 

[0017] tll:fcWZernike ^JB*?)5£jS 
Ze rn i k e <Of£ffc£ffl^&<r fcfc J: 0 . fiiR 

[00 18] 
[»6] 

2 VJ 3 

[00 19] 
H*7] 

[0020] 
[»8] 

37fl)*t* - 3VQ 2 + C 7 2 

[002 1] 
[»9] 

[0022] 5^(3. »iatX»3. 4^)*S:»K:R¥ 
TX(7)RMS(iiSl lO^*^. 37£ORMS« 

[0023] 
[Si 0] 

2 V5 

[0024] 
[»1 1] 



2V6 



[0025] 
[Si 2] 



-1 
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[0026] 
[Si 3] 

#ffiittM(7> RMS = — i= • 6C 9 

[00 27] l^Lb^dt*^, ilMI^RMS^: 

mz^k^izX o T^ft^ft <r fc tfX'Z ft o -f2r*>*>. 

(iS&»EiK2l<0RMS) = (&®IR^?)RMS) - 
(ffiacKHcORMS) - (TXCORMS) - (37<7)R 
MS) - <«ffiJK*tf)RMS ) 
[00 2 8] HI (4. *»BB<?57o— f-v— hSr^-T, 
^fvrSlTtt, ^ffiJRHWSraiT^Sil^Ze r 
n ikeJWW (ififfil) "*-ft. ^T77S2 

vat^tffijraw3jtjBr6*«*<o»ft <c 0 -c 8 ) 

WSr##&i LT7C^)«ffilR^W^RMSS:^& 0 
[0 0 2 9] ^f7TS3tlt (C 0 - 

C 8 ) 0. ftlURl 2, SI 3<D*«:JBl> 

THIS. fiiXiRH. 7X, 37. ^®IRHc7)RMSS:3< 
#>ft Q ict, 1£^iim^RMS{iS6 05t(cJ:^ffi»: 

i4TX^*#St3«LTl/ (2^6 ) fg. 37<7)R 
MStt»805SC3j:*av^&5fc»U-C 1/ ( 3V~ 
8) «K ^JR*^RMSti*9c0*teJ:&«ffilR«O 
*S$tc»LTl/ (6^5) fSt-T*. 
[0 0 3 0] XT-yrS4T(i. iS&&®JKHORM S 

(KJXttHiRJI^RMS) - <8flE«£<0RMS) - 
(«<WBaK)RMS> - (T^RMS) - (37<0R 
MS) - (ffllKHcORMS) 

[00 3 1 ] tLtcOXT-^rt^V^T. ^SO^x-?^ 
KttAHje^ Vh«r««fc LTV>ft<7)(4XT-y rs 
2 OAT* ft. £*U;:*tU ttfcTtt* £895£-f-*« 

jZernikeMSW CCftALTW SrH£-fft 

ttS^fflllK-i i ft . 

[00 32] 

g^yo>/^0$:^L. A**8l 1. E«#S1 2. 
8W*R1 3ZUXttja#gU4t«£T^6. 
[0033] A*¥R lilt T8»h »RjBS«*if 

[0 0 34] ISIg^Sl 2(4. WftOX* UtWLT^ 

ft. lit a**ri l^aueLfc^aaBiRaw 



SrfSlg-ffto ^t"J 2l4Ze r n i ke^^C c - 

c 8 Sriag^ft. -X^U 3«^fflJ«wa>&jrasL*: 
7E^affiKa^RMSSrl2tt^ft. ^ 'J 4 ttKffiSn 
/viiK^iRH. TX, 37, SffiiR^-5-ii-fiicORMS 
Zimth o y 5 J4*««fflJRJW)RM S *e«-t 

s. 

[0035] 8W#S 1 314. ^SftffiJRHWco^l^ 

sftas:«w-r ft sb i ofsjra h . &wmwMmzm-5< 

Z e r n i k e &r%RZWl& LTffi&lRH. ^iR*. 

fnifg. i/(2^6)<&. i/(3/~8) (sai^i 

IB 3 OiMtas h Ltv^, 

[00 36] ffl*^ai4J4. farM, r'jy^ 

lRlltf>RM Staler* ft. 
[003 7] 03(4. Ja±OH2<0iBB*ffl^r. 
«ffiJR3I^RMSS:*Aft7n-^-h'C*&. <Itf> 

ffl^ftiOT'&ft, 

[0038]Xf7rsll (4^®IRHffl^cOXr* v 7° 

L. ^jftBJRSSWSr^ty-ifcriEttTft. 
[0039] Xf7/S 1 2t4^«5tcoflRa«Jt • iS® 

t[^^RMS?iis:coxT'^r"CJ>»5. ^t'j-iK^ 

i k e^JIsfcOffift ( C 0 -C 8 ) «-f££fc£^ 

^y-2^ia«rt-ft 0 m*tLt. ^asBiRncox-^w 

£ JMR t L T S&ffiJRH?) R M S £ ^ y - 3 HIE* 
■tft. 

[0040] Xf77 4 Sl 3li#RMSC0ilmf7 
m 1 ), Ze r n i ke^JS^flgR (C 0 -C 8 ) 

t^ j ei;-2**4>H»a^, i5cio.aii.isi2. 

<7)RMS$r^i6. #RMS€:^^y-4/\ieii-rft. 

[oo4i]xf77°si4 iim<mmifm<DRM SCO 

^^>. fflciXlRH. TX. 37, gcDSKH^RMS^^^ 
lRMc7)RMS$:^y)ft. 

cm<mmvmcr>Kus) = (js^kh^rms) - 

(i£«ClR^^RMS) - (T^RMS) - (3VOR 
MS) - (^ffiJRg<7)RMS) 

[0042] Xf77S 1 5Ji»»:iatffiiR^^RMSO 

teis • ^ • epwjsaa^-r-vT-T'&o. 7rs i 
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[0 04 3] Z<7)m6&cVBmiZ&\,*T . 77S12 

- 1 5 ittrnt^wmmx-mmx'* . * ^ u - 1 & h 
* * >j - 5 tt^tt^gga^* ^ y - * figfflir ft i 

fcfcJ: o T^lfg^ ft i fc i*X~% ft . 
fctf^TiigfcSrfto 

ft* i<5onifcojKss"C«. {ftffisa*? (exy«f) 

^£ft?#rt ft <I fc ^fg&T*ff£ttffl LT WacttBSiR 



Mc7)RM S $r##>ft W*4. 
[0046] Xf7/S21(l T^£J:«SI*«5<a 

7 7T*S, <Tc7)XT-vrS2 2rii. 8£ffJR£<0RM 

#^3*1 ft 0 ^WH^RMS(i^®JRHc7)RMS^ 

5ttcJ:oT^a5$ix^ e («#IRH^RMS ) = 
JRiORMS) - (ffiiJciRH^ORMS) 
[0047 ] Xx'/7 e S23(i. SMIKfORMS 
£^ftXf^rT'$>ft<> dcOXTr-yrS 2 3X"l±. X 

«ffiJRHtf>RM S ft . 



(«&«®JR3ltf>RMS ) = (&®JKJ|c7)RMS) - (MJRI^RMS) - 
(TXCORMS) - (nviORMS) - (£fc®lRH<7)RM S ) 
- (SffJRHcORMS) - (TXCORMS) - (HVCORMS) - (ScBSJRii 
CORMS ) 



mti^ycKBiRii^RM s ^aras-r ft ^ t a*-cs ft . 

[0049] 6LboRW*»6. *WHttJaT^)WHtfl 
-^LT^ft. 

( 1 ) £&Mmw£$I£U ^«H«*W*^^ttffi 

ZMmm* h ±12 <£&JKH . #j£iR£. aviRilftWS 

4: fc^fc^ft JBR^HJR**) 

[0050] ( 2 ) ±12 ( 1 ) a^HHfc*J^T. JJB 

SH£Hti. »JRJt<JO*SSS:*ix-F*il«. 1/(2/" 
6)f&. 1/ (3^8) fSXlXl/ (6V"5) «LT* 
#>ft fc Srt*«4:^**aaftBBJ|5mcoaS*tt. 
[00 5 1 ] ( 3 ) ±12 ( 1 ) m(DmttZ&^T. ±12 

[0052] ( 4 ) JblE ( 1 ) aoSMHKfi^'C. ±12 

*SBHLT*^*yxyU-^ffifR**KLT#KII^ 
#$^r^y>. 1/(2^6) 
fS. l/(3^8)fg. (6^5) flSLT3cy> 

ft £ fc Sr#Si fc *t *S<WSffiJDaSE^«5e*ffi. 
[00 53] ( 5 ) ^»HiR*WOA*#Sfc . A^^ 



nsraw-r ** i ^an*#afc , -0*1 *>»»#»<5o 

«®:<S5:fd1t^ft*2^ieii#Sfc. ±121*1 1 <oi2ti^ 

nvlRl^t^®JRMcO#T^Z^iSSS:*K'rft 
* 2 <7)M3J#K fc . * 2 OSI^g^SH & E«f ft 
JB3<0iEtt#Sfc. *30Ett*R*^Sl^ttSLfc^a 
BiDaiw^T^Z*»^fe . ±EK20E«#S*^ 

¥^z*^m $r mxt ft * 3 fc . * 3 COSK 

¥a^aw«*aj*-rftai**S4:. ^(s^Tv^ft^fc 

S: ^® fc -r ft x%ttnJDm^>fl£igE . 

[0054] 1 6 > ±ie ( 5 ) mv>muz&\,\x . ±12 

SSl^a»#Sii. fi^Hco^^SSrlfSLT^^JR 
HW^Z^i?JI2:*d6. #^iR^|60±# S $: 1 / ( 2 
>T6 ) fgLTw^KMOT^Z^M^S:^. =?VIR^ 
CO^^SS: 1/ ( 3^8) fSLT . I^iRfOTOZ^ 

SfiRi^l^ 1/ (6/*5) f&L 
T. CcOiRIIW^-^iS^S-^ft^fcSrittSlfc'f ft 

[00 5 5] ( 7 ) ±12 ( 5 ) W^)«Wfc:*$^T. ±12 

m l <5oa*#S«i. ±l2^*®JR^wt22o'< 7xyp- 
^*^S:SiaLT*^fc*yx;^^f«»S:i3Jfl:LT. 

^-*RHS:3c«>ft - fc Srt^fiifc "TftlSiKaffiJRII^ay 
[0056] ( 8 ) ±12 ( 5 ) m&ftmz&^X. ±12 

* i <nmn*m±. ±ti&mwLmmzmr$< 7x;^ 

^«««rHMLT*«>fc-yx;U-y«ia[tatJlLT± 
5t*«>. C^M5r^il^nifg. l/(2/"6)«. 
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1/ (3,T8) tt&lfl/ (6/"5) ^-rs^tiCtO 



C 0 0 5 7 ] ( 9 ) ±K ( 5 ) *>«9Ifc*HvC, ±|£A 



tOO 58] 

Z e r n i k e ^«^^SrS(C LTS^S^fS* 

[0059] m^^omuzxtm . &®iRii<7>z e 



CHMwfsm^ittBfl] 

[02] *%m<n>mm<nBm 1 nmssM^fxi y?m 

[04] mm<7)&B2cr)~7u-1-^-hZ-$>Z>. 
[05] fi!*<50aB^-^5r^-r^o-f-v-hT-J>S. 



1 1 

1 2 
1 3 
1 4 



[HI ] 




8 1 


i*B*2W£Z B r r 




rem CiS(tt) 




1 





8 3 



*«rc«8 (c 0 -c.) ,fey«i o, ft 

CM. T*. 37. «ittS0)RIVI8#« 



S * 



*3fcaffi<236(B RMS £ WTO** 9 3*4) 
A ^KoBittJIW R M S=&mH!l&to RMS 
-««!tti©RMS-7^fl!)RMS 
- = 7(0 R M 8 -S*fl6CZ8«> R M S 



[04 3 



8 2 1 



3 2 2 



KORMS. 7X(0*t*, 3-?<&*#£, 9 
36*8(0** * * £A a* *. 



8 2 3 



itftintl£(DRMS(DXI 



**aeae « s © r m s &mz> rms 

-7A(DRM8-a7(»RM6 



[122 3 



11 





( 





















12 



[H53 



SIOO 



jRStmWfZ e r n I k o ©*JJ| 

jcw \-mm a&iAy -r*. 



8 1 1 o 



i*)tf-^t»ttLt, 8^-8 


2f=cfc y Mi3$a>«ftc 0 ~c B 


*• 






S 1 2 0 






~C,f Ze r n 


i k • o&m* 






S 1 3 0 




WIT. *#HB 






w" =w-w' 







3 140 



*r > ko***bici8w" 



[033 



8 1 1 



8B882M& 



8 1 2 



8'Kz.8afC*y*J*it<B«8 (C C ~C.) £ 

#«8€>*»j-2^ffi«-r** 

©RMS £ ^ U — 31- E«t" 



8 1 3 



*&*81 81 1, 81 2. 81 3©Stt 



S 1 4 



fi&tt9Btt80> RMS 



«E<jm©RMe£>*'J-3A*£.«JMR8, 
7X, 37, 3*Btt£0)RM3£>-t 'J — 4** 
4>8fc*&*K JS^MlJlMWRM 8 
(*3c*BGS © RMS )=< 8B4K80 RMS) 

- (-fcttttSOTRMS) - (7AC0RMS) 

- (3?©RMS) - (WltDRMS) 



S 1 5 



*«fc»^8ffi<R8© RMS*>^>J-5lZC 



